TITLE OF THE INVENTION 

ABERRATION CORRECTING UNIT, OPTICAL PICKUP 
APPARATUS, AND RECORDING/REPRODUCING APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a 
recording/reproducing apparatus for an information recording 
medium such as an optical disc or the like and to an aberration 
correcting unit and an optical pickup apparatus which are used 
for the recording/reproducing apparatus. 
Description of the Related Art 

There are optical discs such as a CD (Compact Disc) and 
a DVD (Digital Video Disc or Digital Versatile Disc) as 
well-known information recording media for optical recording 
and reproduction of information. Furthermore, the optical 
discs are of various types, for example, optical discs for 
reproduction only, write-once optical discs on which only 
additional recording can be done, and rewritable optical discs 
on which information can be erased and re -re corded . A recording 
medium having a plurality of recording layers on the same 
recording surface such as a 2-layer-per-side DVD is also being 
developed . 

In addition, research and development are in progress for 
creating high-density optical discs and optical pickup 
apparatus and information recording and/or reproducing 
apparatus (hereinafter referred to as recording/reproducing 
apparatus) applicable to the high-density optical discs. 
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To cope with the high-density optical discs, there is a 
method of irradiating a laser beam of a small diameter onto the 
optical disc by increasing a numerical aperture (NA) of an 
objective lens provided in the optical pickup apparatus. 
Another method is the use of a light beam having a shorter 
wavelength . 

However, the aberration of the light beam caused by an 
optical disc is increased when the numerical aperture NA of the 
objective lens is increased or a light beam having a shorter 
wavelength is used. This makes it difficult to improve accuracy 
of the information recording/reproduction performance. 

For example, when an objective lens having a large 
numerical aperture NA is used, the amount of birefringence 
distribution which depends on the incidence angle is increased 
at the pupil surface of the optical disc, since the range of 
the incidence angle of the light beam to the optical disc is 
increased. This creates a problem of aberration due to the 
birefringence becoming more influential. In addition, when 
using an objective lens having a large numerical aperture and 
a light beam having a shorter wavelength, the influence of coma 
aberration is not negligible if the incident angle of the light 
beam to the normal direction (tilt angle) of the optical disc 
tilts at the time of recording or reproduction. 

Although the aberration is also changed depending on a 
thickness of a transparent substrate (or transparent layer) 
through which the laser beam passes, since the thickness of a 
transparent substrate layer generally has an in-plane 



distribution, the aberration changes during the recording or 
reproduction of the optical disc. Particularly, the 
transparent layer thickness between the disc surface and the 
recording layer differs according to the recording layers in 
5 the optical disc having a plurality of recording layers on the 

same recording surface. Therefore, not only a magnitude of the 
aberration but also a distribution shape of the aberration in 
the plane perpendicular to an optical axis largely changes when 
changing the reading position or recording position from one 

10 recording layer to another. 

An aberration correction liquid crystal unit having a liquid 
crystal such as a nematic liquid crystal or the like has been 
proposed in order to reduce the influence of the aberration upon 
recording or reproduction of the optical disc as mentioned 

15 above. There is disclosed a liquid crystal, for example, in 

the Japanese Patent Application Kokai HlO-20263 as the liquid 
crystal unit for aberration correction as mentioned above. 

Fig. 1 schematically shows an example of the aberration 
correcting unit. The aberration correcting unit has a 

20 structure such that a liquid crystal C such as a nematic liquid 

crystal or the like is held between transparent electrode layers 
A and B which are opposed to each other. The orientation state 
of the liquid crystal C can be changed by adjusting a voltage 
which is applied across the transparent electrode layers A and 

25 B. A birefringence change according to the orientation state 

is provided for a light when the light entering from one 
transparent electrode A (or B) passes through the liquid crystal 



C, and the light exits toward the other transparent electrode 
B (or A) . 

Furthermore;, the transparent electrode layers A 
and B are formed in a divided manner , for example, each is divided 
into a plurality of transparent electrodes (al, a2, and a3) and 
(bl, h2, and b3) . The transparent electrodes al, a2, and a3 
are electrically separated from each other, and the transparent 
electrodes bl, b2, and b3 are also electrically separated from 
each other. 

The liquid crystal C can be adjusted so as to have a 
plurality of different orientation states therein by applying 
different voltages across the transparent electrodes opposing 
each other, for example, between the transparent electrodes al 
and bl, a2 and b2, and a3 and b3, respectively. Birefringence 
changes corresponding to the orientation states change within 
the liquid crystal C are simultaneously provided to the incident 
light. Thus, an aberration caused in an optical path can be 
corrected by properly adjusting the plurality of orientation 
states of the liquid crystal element. 

As mentioned above, the aberration is changed depending 
on the in-plane position perpendicular to the optical axis due 
to the change in transparent layer thickness upon recording or 
reproduction. Additionally, the aberration is changed when 
changing the recording layer. 

According to the conventional aberration correcting unit 
as mentioned above, the aberration caused in the optical path 
of an optical system is corrected by changing the voltage that 



is applied to each electrode of the liquid crystal. It is, 
however, difficult to correct the aberration at high speed upon 
recording or reproduction, since a response speed is low for 
a liquid crystal such as a nematic liquid crystal or the like 
which is used for aberration correction. 
OBJECTS AND SUMMARY OF THE INVENTION 

The present invention is made to solve the above- 
described problems and it is an object of the present invention 
to provide an aberration correcting unit, an optical pickup 
apparatus, and a recording/reproducing apparatus of high 
performance, by which a high-speed correction of the aberration 
can be performed. 

To achieve the object, according to one aspect of the 
present invention, there is provided an aberration correcting 
unit for correcting an aberration caused in an optical path of 
an optical system which irradiates a light beam onto a recording 
medium and guides reflection light reflected by the recording 
medium, which comprises: a liquid crystal element having 
electrode layers which are opposed to each other and a liquid 
crystal sandwiched between the electrode layers , the liquid 
crystal element having a predetermined orientation direction 
and providing a light passing therethrough with a phase change 
by applying a voltage across the electrode layers; and a 
polarization-direction changing element which is arranged in 
an optical path between a light source of the light beam and 
the liquid crystal element to change a polarization direction 
of the light beam. 



According to another aspect of the present invention, 
there is provided an aberration correcting unit for correcting 
an aberration caused in an optical path of an optical system 
which irradiates a light beam onto a recording medium and guides 
5 reflection light reflected by the recording medium, which 

comprises: a liquid crystal element having electrode layers 
which are opposed to each other and a liquid crystal sandwiched 
between the electrode layers, the liquid crystal element having 
a predetermined orientation direction and providing a light 

10 passing therethrough with a phase change by applying a voltage 

across the electrode layers; a polarization-direction changing 
element which is arranged in an optical path between a light 
source of the light beam and the liquid crystal element to change 
a polarization direction of the light beam; and a controller 

15 for controlling the polarization-direction changing element to 

change the polarization direction of the light beam at a 
predetermined timing . 

According to another aspect of the present invention, 
there is provided an optical pickup apparatus having the 

20 aberration correcting unit, which comprises: a light source for 

emitting the light beam; and a photodetector for detecting the 
light beam which has been reflected by the recording medium and 
passed through the aberration correcting unit. 

According to another aspect of the present invention, 

25 there is provided a recording/reproducing apparatus which has 

the optical pickup apparatus and reads recorded information 
from a recording medium having a plurality of recording layers 



to perform reproduction, the recording/reproducing apparatus 
comprises: inter-layer jumping means for performing an 
inter-layer jump to change an irradiation of the light beam from 
one recording layer to another recording layer; and a controller 
for controlling the polarization-direction changing element to 
change the polarization direction of the light beam at the time 
of performing the inter-layer jump. 

According to another aspect of the present invention, 
there is provided an aberration correcting unit for correcting 
an aberration caused in an optical path of an optical system 
which irradiates a light beam onto a recording medium and guides 
reflection light reflected by the recording medium, which 
comprises: a first liquid crystal element having first 
electrode layers which are opposed to each other and a liquid 
crystal sandwiched between the first electrode layers, the 
first liquid crystal element having a first predetermined 
orientation direction and providing a light passing 
therethrough with a phase change by applying a voltage across 
the first electrode layers; a second liquid crystal element 
having second electrode layers which are opposed to each other 
and a liquid crystal sandwiched between the second electrode 
layers, the second liquid crystal element having a second 
predetermined orientation direction that is substantially 
perpendicularly to the first orientation direction and 
providing a light passing therethrough with a phase change by 
applying a voltage across the second electrode layers; and a 
polarization-direction changing element which is arranged in 
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the optical path between a light source of the light beam and 
the first and second liquid crystal elements to change a 
polarization direction of the light beam. 

According to another aspect of the present invention, 
there is provided an optical pickup apparatus having the 
aberration correcting unit, which comprises: a light source for 
emitting the light beam; and a photodetector for detecting the 
light beam which is reflected by the recording medium and passes 
through in the aberration correcting unit. 

According to another aspect of the present invention, 
there is provided a recording/reproducing apparatus which has 
the optical pickup apparatus and records and/or reproduces 
information to/from a recording medium having a plurality of 
recording layers, the recording/reproducing apparatus 
comprises: instructing means for generating an inter-layer jump 
command for changing a recording layer to which the light beam 
is irradiated from one recording layer to another recording 
layer on the basis of a read signal from the recording medium; 
inter-layer jumping means for performing the inter-layer jump 
in response to the inter-layer jump command; and a controller 
for controlling the polarization-direction changing element to 
change the polarization direction of the light beam at the time 
of performing the inter-layer jump. 
RRTF.F DF.SCRIPTION OF TH F. DRAWINGS 

Fig. 1 is a diagram schematically showing an example of 
a conventional aberration correcting unit; 

Fig. 2 is a block diagram showing a configuration of an 



aberration correcting apparatus provided in an information 

recording/reproducing apparatus ; 

Fig. 3 is an exploded view schematically showing a 

configuration of an aberration correcting unit according to the 

first embodiment of the present inventions- 
Fig. 4 is a cross sectional view schematically showing 

a configuration of a liquid crystal element 20 shown in Fig. 

3; 

Fig. 5 is a cross sectional view schematically showing 
a structure of a 2-layer disc; 

Fig. 6 is a diagram showing distribution curves of the 

spherical aberration in a plane perpendicular to an optical axis 

with respect to LO and Ll layers of the 2-layer disc- 
Fig. 7 is a plan view schematically showing an example 

of an electrode structure for correcting a spherical aberration 

which is caused when a laser beam is irradiated on a layer LO; 

Fig. 8 is a cross sectional view schematically showing 

a configuration of a polarization-direction changing elements- 
Fig. 9 is a flowchart showing a procedure of an aberration 

correction servo-control when recording or reproducing the 

2-layer disc; and 

Fig. 10 is an exploded view schematically showing a 

configuration of an aberration correcting unit according to the 

second embodiment of the present invention. 

DF.TAILEn DESCRIPTTON OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 

in detail with reference to the drawings. 



First embodiment 

Fig, 2 is a diagram schematically showing a configuration 
of an aberration correcting apparatus 10 provided in an 
information recording/reproducing apparatus. The aberration 
5 correcting apparatus 10 for recording or reproducing a 2-layer 

disc having two recording layers on the same surface or 
recording side will now be described as an example hereinbelow. 

In Fig. 2, an optical pickup (PU) includes: a light source 

I for emitting a laser beam HI; a collimator lens 2; a beam 
10 splitter 3; an aberration correcting unit 4; an objective lens 

5; a condenser lens 6; and a photodetector 7. The optical 
elements 1 to 7 are arranged along an optical axis OA. 

The laser beam HI emitted from the laser light source 1 
in the optical pickup is reflected by an optical disc 9. The 
15 reflection light is detected by the photodetector 7^ so that 

an RF signal is generated. The generated RF signal is sent to 
an RF envelope amplitude detector (hereinaf ter^. simply referred 
to as an RF amplitude detector) 11. The RF amplitude detector 

II detects an envelope of the received RF signal to send as an 
20 RF amplitude signal to a controller 12. The controller 12 

supplies a control signal to a liquid crystal driver 14 for 
driving the aberration correcting unit 4 on the basis of the 
received RF amplitude signal. The liquid crystal driver 14 
generates a driving voltage to be applied to the aberration 
25 correcting unit 4 in accordance with the control signal and 

supplies it to the aberration correcting unit 4. An optical 
pickup driver 8 performs a focusing/tracking servo-control of 
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the optical pickup on the basis of a control signal from the 
controller 12. The controller 12 has a polarization- 
direction-change discriminator 13 and controls the liquid 
crystal driver 14 and the optical pickup driver 8 on the basis 
of a discrimination result by the polarization-direction- 
change discriminator 13. 

A configuration of the aberration correcting unit 4 will 
now be described hereinbelow with reference to the drawings. 
Fig. 3 is an exploded view schematically showing the 
configuration of the aberration correcting unit 4. As shown 
in the diagram, the aberration correcting unit 4 is constructed 
by liquid crystal elements 20, 30 and a polarization-direction 
changing element 40. The irradiation laser beam which is 
emitted from the light source 1 and is transmitted in the beam 
splitter 3 passes through the polarization-direction changing 
element 40 and liquid crystal elements 20, 30 and is guided to 
the objective lens 5. 

The liquid crystal element 20 includes a liquid crystal 
which causes an electro-optical effect by an applied electric 
field as shown in a cross sectional view of Fig. 4. More 
specifically, the liquid crystal element 20 includes a liquid 
crystal 21 such as a nematic liquid crystal or the like which 
provides a birefringence change in accordance with a magnitude 
of an applied voltage by the liquid crystal driver 14 . As shown 
in Figs. 3 and 4, the liquid crystal element 20 has a 
configuration such that the liquid crystal 21 is sandwiched and 
sealed between two electrode portions 22A and 22B which are 
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opposed to each other. In more detail, liquid crystal 
orientation films 23A and 23B, insulating layers 24A and 24B, 
electrodes 25A and 25B, and insulating substrates 26A and 26B 
such as transparent glass substrates or the like are 
5 sequentially formed on both sides of the liquid crystal 21, 

respectively. As shown in Fig. 3, the liquid crystal element 
20 is formed so as to have an orientation direction (PI) in 
approximately the same direction as the polarization direction 
of the incident laser beam (P) into the aberration correcting 

10. unit 4 (i.e., PI// P) . It should be noted that the ^'orientation 

direction" of the liquid crystal element is defined to include 
the direction of the liquid crystal orientation projected on 
a plane perpendicular to the optical axis. 

At least one of the electrodes 25A and 25B is constructed 

15 to have a plurality of divisional or partitioned electrodes for 

correcting the aberration caused in the optical path. A voltage 
according to a magnitude and a distribution shape of the 
aberration is applied to each divisional electrode. As 
mentioned above, the magnitude of aberration and/or a 

20 distribution shape in the plane perpendicular to the optical 

axis greatly changes when changing the recording layer from/to 
which the reading or recording operation is performed 
(hereinafter, referred to as an inter-layer jump) , since the 
thickness of the transparent layer between the disc surface and 

25 the recording layer differs in dependence on the recording 

layer. 

Fig. 5 is a cross sectional view schematically showing 
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a structure of a 2-layer disc 50. The 2-layer disc 50 has a 
structure such that two injection-molded substrates are joined 
so as to face each other. The first layer when it is seen from 
the reading side is called layer 0 (LO) and the second layer 
is called layer 1 (LI) . In more detail, an LO substrate 52, 
an LO reflecting film 53, a spacer layer 54, an LI reflecting 
film 55, and an LI substrate 56 are sequentially formed in order 
from the reading side. 

The LO reflecting film 53 is formed as a semitransparent 
film so that the laser beam is transmitted through the layer 
0 (LO) and a signal of the layer 1 (LI) can be read. The LO 
reflecting film 53 is made of gold (Au) , a dielectric substance, 
or the like. On the other hand, the LI reflecting film 55 has 
high reflectance and is made of, for example, aluminum (Al) or 
the like in a manner similar to a single-layer disc. The spacer 
layer 54 is provided between the layer LO and layer LI in order 
to separate the signal surfaces with a predetermined thickness 
or distance. The spacer layer 54 is made of a material having 
a high transmittance in a wavelength band of read/write light 
and a refractive index near a refractive index of the substrate, 
for example, an ultraviolet hardening resin material, since the 
read/write light passes through the spacer layer 54. Both 
signals from LO and LI, therefore, can be read out by moving 
a focal point (inter-layer jump) of the laser beam in the depth 
direction . 

Fig. 6 shows distribution curves of the spherical 
aberration in a plane perpendicular to an optical axis with 
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respect to the substrate thickness (i.e., depth of recording 
layer) . The spherical aberration is a principal aberration 
among the aberrations caused by the optical disc when recording 
or reproduction to/from the 2-layer disc 50 is performed. The 
aberration is small in the center portion of the optical path 
and increases as the radial position approaches the outside 
except the outermost rim portion, when the laser beam is 
irradiated on the LI reflecting film 55 (i.e., when the 
substrate is thick) . On the other hand, the aberration 
decreases as the radial position approaches the outside from 
the center portion of the optical path, when the laser beam is 
irradiated on the LO reflecting film 53 (i.e., when the 
substrate is thin) . 

The electrode 25A of the liquid crystal element 20 is 
divided so as to correct the spherical aberration which is 
caused when the laser beam is irradiated to the layer LO and 
a predetermined voltage can be applied to each divisional 
electrode . 

Fig. 7 is a plan view schematically showing an example 
of the electrode 25A for correcting the spherical aberration 
which is caused when the laser beam is irradiated to the layer 
LO of the optical disc 9. The electrode 25A has a plurality 
of transparent electrodes Al to Ai corresponding to aberration 
correction regions (ARl to ARi) . The electrode 25A has a 
structure having the transparent electrodes Al to Ai formed so 
as to be electrically isolated from each other and a plurality 
of gaps Wj (j = 1 to i) each existing between the transparent 



electrodes (i.e., between and A^^^ ) as shown in Figs. 4 and 
7. In more detail, the transparent electrode Al is formed in 
a shape (circular shape in Fig. 7) according to the aberration 
correction region ARl . The transparent electrodes A2 to Ai are 
formed in shapes (ring shapes in Fig. 7) according to the 
aberration correction regions AR2 to ARi . The gaps Wl to Wi 
which separate the transparent electrodes Al to Ai are formed 
in ring shapes. Each of the transparent electrodes Al to Ai 
may be made of, for example, an ITO (indium tin oxide) layer. 

The electrode 25B also similarly has a structure having 
transparent electrodes Bl to Bi formed so as to be electrically 
isolated from each other and a plurality of gaps W j (j = 1 to 
i) each existing between the transparent electrodes (i.e., 
between B^ and B^^J . 

By applying a driving voltage V^, (= V^^ ( j ) , j = 1 to i ) 
to the electrodes 25A and 25B, an orientation state of liquid 
crystal molecules in the liquid crystal 21 changes in accordance 
with the electric field E^^^ which is generated by the applied 
driving voltage V^^. The light passing through the liquid 
crystal 21 is, thus, subjected to birefringence and phase of 
the light is changed. The phase of the laser beam which passes 
through the liquid crystal 21 can be controlled by the driving 
voltage V^^ which is applied to the liquid crystal 21 . The liquid 
crystal element 20 has bidirectional light permeability and 
birefringence characteristics so that any one of the insulating 
subst rates 26A and 26B can be arranged so as to face the objective 
lens 5 . 



When one of the electrodes^ for example, the electrode 
25A is formed so as to have a plurality of divisional electrodes, 
the electrode 25B does not need to be divided. For example, 
it may be formed as an "'overall'' electrode wherein the electrode 
extends over the entire surface, or is formed in a required shape 
or divided into a required number of divisional electrodes 
according to the characteristic and/or the distribution shape 
of aberration to be compensated. 

The liquid crystal element 30 has a configuration similar 
to that of the liquid crystal element 20. More particularly, 
the element 30 has a configuration such that liquid crystal 31 
such as a nematic liquid crystal or the like is sandwiched and 
sealed between two electrode portions 32A and 32B which are 
opposed to each other. At least one of the electrode 32A and 
32B has a plurality of divisional electrodes for correcting the 
aberration caused in the optical path. The electrodes 32A and 
32B of the liquid crystal element 30 are formed having a 
plurality of divisional electrodes suitable for correcting the 
spherical aberration caused when the laser beam is irradiated 
to the layer LI . A predetermined voltage can be applied to each 
divisional electrode. When a driving voltage V^^ i= "^mij) f j 
= 1 to k) is applied to the electrode 32A and 32B, therefore, 
an orientation state of the liquid crystal molecules in the 
liquid crystal 31 changes in accordance with an electric field 
E^2 v^hich is caused by the driving voltage • The laser beam 
which passes through the liquid crystal 31 is, thus, subjected 
to birefringence of the liquid crystal 31 and phase of the light 



is changed. The phase of the laser beam which passes through 
the liquid crystal 21 can be controlled by the driving voltages 
Vj^2 which are applied to the liquid crystal 31. 

The liquid crystal element 30 is arranged so as to have 
an orientation direction (P2) perpendicular to the polarization 
direction of incident laser beam (P) into the aberration 
correcting unit 4, hence, perpendicular to the orientation 
direction of the liquid crystal element 20 (PI) as shown in Fig. 
3 (i.e., P2-LP1) . Therefore, for example, it is possible to 
employ a liquid crystal element similar to the liquid crystal 
element 20 wherein the liquid crystal element is rotated by 
approximately 90° around the optical axis (OA) of the optical 
path with respect to the liquid crystal element 20. 

As shown in a cross sectional view of Fig. 8, the 
polarization-direction changing element 40 has a liquid crystal 
41 being held between two electrode portions 42A and 42B which 
are opposed to each other. The liquid crystal 41 changes the 
polarization direction of the incident laser beam when an 
electric field is applied. The liquid crystal 41 is 
f errodielectric liquid crystal of which response speed is 
higher than that of the nematic liquid crystal or the like which 
is used in the liquid crystal elements 20 and 30 . Liquid crystal 
orientation films 43A and 43B, insulating layers 44A and 44B, 
electrodes 45A and 45B, and insulating substrates 4 6A and 46B 
such as transparent glass substrates or the like are 
sequentially formed on the f errodielectric liquid crystal 41, 
respectively. The electrodes 45A and 45B are overall 
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electrodes formed in regions extending over the whole surface 
of the liquid crystal 41. 

The polarization-direction changing element 40 is 
constructed so as to rotate the polarization direction of the 
incident laser beam by approximately 90 by applying a 
predetermined voltage (Vp) across the electrodes 45A and 45B. 
More specifically, the polarization direction of the laser beam 
which entered the polarization-direction changing element 40 
is not changed when no voltage is applied to the electrodes 45A 
and 45B. The laser beam passes through as it is in the 
polarization-direction changing element 40. On the other 
hand, the polarization direction of the incident laser beam 
passing through the polarization-direction changing element 40 
is rotated by approximately 90° when the predetermined voltage 
Vp is applied to the electrodes 45A and 45B. 

The aberration correction in the embodiment will now be 
described in detail with reference to a flowchart shown in Fig. 
9. 

The flowchart shows a procedure for an aberration 
correction servo-control in a recording or reproducing 
operation of a 2-layer disc. The procedure is executed under 
control of the controller 12, for example, after the end of 
set-up upon recording or reproducing the optical disc 9. For 
convenience of explanation, a case of starting the servo- 
control from the layer 0 (LO) will be described as an example. 

The controller 12 applies the predetermined voltages V^^ 
(= V^, ( j) , j =1 to i) and V^^ (= ( j ) . j ^1 to k) to the liquid 
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crystal elements 20 and 30^ respectively (step Sll) . 

Subsequently, the aberration correcting unit 4 is set so 
as to be adapted to the servo-control for the layer LO (step 
S12) . More specifically, the voltage which is applied to the 
5 polarization-direction changing element 40 is turned off (Vp 

= 0) . The laser beam (laser beam emitted from the laser light 
source) which enters the polarization-direction changing 
element 40 passes through as it is in the polarization-direction 
changing element 40 without being subjected to the rotation of 

10 the polarization direction. 

By the foregoing set-up, the reflected laser beam from 
the optical disc having approximately the same polarization 
direction as that of the laser beam passes through without being 
subjected to a phase change by the liquid crystal element 30 

15 arranged in the direction approximately perpendicular to the 

polarization direction. The reflected laser beam passed 
through the liquid crystal element 30 is subjected to a phase 
change by the liquid crystal element 20 arranged in the 
direction that is approximately the same as the polarization 

20 direction, so that the aberration of the laser beam is 

corrected. Therefore, the aberration caused by the reflection 
at the layer LO is corrected by the liquid crystal element 20 
which is configured or set so as to be adapted to the aberration 
correction for the layer LO . 

25 Subsequently, an RF amplitude value is fetched from the 

RF amplitude detector 11 (step S13) and a focusing control and 
a tracking control are executed on the basis of a magnitude of 

19 



the fetched RF amplitude values (step S14) . 

The polarization-direction-change discriminator 13 
provided in the controller 12 determines whether an inter-layer 
jump is executed or not on the basis of data from an RF signal 
processing unit (not shown) for processing the RF data signal 
read out from the optical disc (step S15) . If it is determined 
by the polarization-direction-change discriminator 13 that the 
inter-layer jump is not executed, the controller 12 further 
determines whether the servo-control is finished or not (step 
S16) . If the servo-control is not terminated, control is 
returned to step S13 and the focusing control and tracking 
control are repeated. This processing routine is skipped when 
finishing the servo-control. It is sufficient that the 
polarization-direction-change discriminator 13 is a means 
which has a capability of determining a timing for the 
inter-layer jump. For example, it is possible to determine the 
timing of the inter-layer jump on the basis of data which has 
previously been read and stored as TOC (Table of Contents) 
information or data indicating the inter-layer jump appearing 
in the read data signal. 

If it is determined in step S15 that the inter-layer jump 
is executed, then, it is determined whether the inter-layer jump 
is from the layer LO to the layer LI or not (step S17) . If it 
is determined that the inter-layer jump is from the layer LO 
to the layer, the aberration correcting unit 4 is set so as to 
be adapted to the servo-control for the layer LI (step S18) . 
More particularly, the polarization direction of the laser beam 
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which enters the polarization-direction changing element 40 is 
rotated by approximately 90° by applying a predetermined 
voltage to the polarization-direction changing element 40 (V^: 
ON) . The reflected laser beam from the optical disc having the 
polarization direction approximately perpendicular to the 
direction of the laser beam is, therefore, subjected to the 
phase change by the liquid crystal element 30 and the aberration 
is corrected. The aberration corrected laser beam passes 
through without being subjected to the phase change by the 
liquid crystal element 20. The aberration caused due to the 
reflection of the light from the layer LI is corrected by the 
liquid crystal element 30 which is configured or set so as to 
be adapted to the correction of the aberration. 

If it is determined in step S17 that the jump is not the 
inter-layer jump from the layer LO to the layer LI (i.e., it 
is the inter-layer jump from the layer LI to the layer LO), 
control is returned to step S12. The subsequent processing 
steps are repeated. 

According to the above-described procedure, high-speed 
aberration correction can be performed by switching the 
polarization direction of the irradiated laser beam in 
accordance with the inter-layer jump. 

Second embodi ment 

Fig. 10 is an exploded view schematically showing a 
configuration of an aberration correcting unit according to the 
second embodiment of the present invention. As shown in the 
diagram, the aberration correcting unit 4 includes the 
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polarization-direction changing element 40 and one liquid 
crystal element 60. 

The liquid crystal element 60 has a configuration similar 
to that of the liquid crystal element 20. More specifically, 
a liquid crystal 61 such as a nematic liquid crystal or the like 
is held between two electrode portions 62A and 62B which are 
opposed to each other. At least one of the electrode 62A and 
62B has a plurality of divisional electrodes adapted to correct 
the aberration caused in the optical path. It is sufficient 
that the divisional electrodes are formed in shapes according 
to a characteristic of a desired aberration to be corrected or 
are divided into the necessary number of electrodes with desired 
shapes. The liquid crystal 61 of the liquid crystal element 
60 has an orientation direction (F^) approximately 
perpendicular to the polarization direction (P) of the incident 
laser beam. 

A high-speed aberration correction can be performed by 
switching the predetermined voltage (Vp) to the 
polarization-direction changing element 40 between OFF and ON 
state while applying voltages to the divisional electrodes of 
the liquid crystal element 60 for correcting the desired 
aberration . 

In the embodiments described above, although the layers 
in a range from the reading side surface to the recording layer 
are called '^transparent substrate'' or merely ^'substrates'' for 
the DVD optical disc as an example, generally, the layers are 
not limited to substrates. In other words, ''substrate" of the 
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description denotes layers such as a cover layer, a transparent 
layer, and the like formed on the recording layer on the reading 
side of the optical disc, namely, the layers through which the 
laser beam passes upon irradiation. 

As will be obviously understood from the above 
description, according to the present invention, the aberration 
correcting unit, the optical pickup apparatus, and the 
recording/reproducing apparatus of high performance which has 
a capability of performing high-speed aberration correction can 
be realized. 

The invention has been described with reference to the 
preferred embodiments thereof. It should be understood by 
those skilled in the art that a variety of alterations and 
modifications may be made from the embodiments described above. 
It is therefore contemplated that the appended claims encompass 
all such alterations and modifications. 

This application is based on a Japanese Patent Application 
No. 2000-152270 which is hereby incorporated by reference. 



